Abstract. Lattice corneal dystrophy type I (LCDI) is associated with a large number of missense mutations in the transforming growth factor β induced (TGFBI) gene. The aim of the present study was to analyze TGFBI mutation in a Chinese family with LCDI, and to describe the clinical features and phenotype-genotype correlation within this family. Three generations of this family with LCDI were enrolled in the current study. Complete ophthalmic examinations were performed on all family members and mutation screenings of the coding regions of TGFBI were analyzed using a direct sequencing method. All family members underwent slit-lamp examination, and two patients and one of normal members in the family were evaluated by laser scanning in vivo confocal microscopy. A single heterozygous c.370C>T (p.R124C) mutation was identified in exon 4 of the TGFBI gene in five affected individuals, but not in the other family members and 400 normal control subjects. The affected members exhibited similar clinical features of LCDI, except that patient III:5 presented with mild symptoms. Confocal microscopy in vivo examination demonstrated that the proband (II:2) and his affected niece (III:4) had disruptions in multiple corneal layers, including the basal epithelial cells, stroma cells and Bowman's membrane. Thus, the R124C mutation in the TGFBI gene was identified in a Chinese family with LCDI. These results characterized the clinical features and revealed a genotype-associated phenotype in this family, which may contribute to understanding the pathogenesis of LCDI.
Introduction
Corneal dystrophy is a group of hereditary diseases characterized by corneal opacities resulting from progressive accumulation of abnormal deposits in corneal stroma, which leads to visual impairment (1, 2) . Lattice corneal dystrophy (LCD) is one of the most common types of corneal disorderand is characterized by lineal stromal amyloid depositions that usually present bilaterally and symmetrically. Based on age of onset, severity of the phenotype, appearance and depth of the lattice lines, LCD was classified into five subtypes: Type I, IIIA, I/IIIA, IV and IIIB (3, 4) .
LCD type I (LCDI), the classic form and most frequently encountered type of corneal dystrophy, is an early onset dystrophy exhibiting variable clinical expression (5, 6) . It is usually inherited as an autosomal dominant, autosomal recessive or X-linked recessive Mandelian inheritance trait. Mutations of the carbohydrate sulfotransferase 6 and transforming growth factor β induced (TGFBI) gene have been reported to cause macular corneal dystrophy and corneal disease (4) . Currently, LCDI has been associated with a large number of missense mutations with genotype-phenotype correlations in the TGFBI gene, and the International Committee for Classification of Corneal Dystrophies categorized it as LCD-TGFBI type (3, 7) .
In 1997, the TGFBI gene was first identified as a causative gene for corneal dystrophies by Munier et al (8) . This gene, originally termed β-igh3, comprises 17 exons coding for a unique protein of 683 amino acids. So far, ~50 different mutations causing LCD have been identified in the TGFBI gene (www.hgmd.org). The TGFBI mutation spectrum and their clinical consequences have been investigated in patients with LCDI in different ethnic populations (2, 7, (9) (10) (11) (12) (13) . For example, the p.Arg124Cys mutation is reported to be associated with the LCDI phenotype in Greek, Japanese, Bangladeshi and Chinese patients (14) (15) (16) (17) (18) (19) . Therefore, there is a significant correlation between TGFBI mutations and their associated phenotype. However, the exact mechanisms and pathological roles of TGFBI mutations in the development of LCD remain largely unknown, and the correlation between phenotype and genotype of TGFBI in the Chinese population has not been extensively investigated.
In the present study, a Chinese family with LCDI was investigated to determine the mutation underlying this disease, and (Table I) . Slit-lamp examination demonstrated various distinct linear deposits in the superficial stroma of the central corneal accompanied by epithelial erosions (Fig. 2) .
The brother and sister of the proband (II:5 and II:7) were 
Mutation screening of TGFBI in the family with LCD.
Sequencing analysis of the TGFBI gene revealed a heterozygous mutation, c.370C>T (p.R124C), which was located at nucleotide 370 in the coding sequence of exon 4 (Fig. 1B) . This missense mutation was present in the five affected patients (II:2, II:5, II:7, III:4 and III:5). This mutation was not observed in the unaffected family members and 400 normal control subjects. Comparative amino acid sequence alignment of other TGFBI proteins across different species revealed that the mutation occurred at highly conserved positions (Fig. 1C) . SIFT and PolyPhen-2 predicted this mutation to be damaging, and it may result in a substitution from arginine to cysteine at position 124.
Confocal microscopy examination. In order to determine whether the detected mutation in the family is associated with LCDI, in vivo confocal microscopy was performed to investigate the difference in corneal structure between healthy and affected members. Laser scanning in vivo confocal microscopy was performed on the proband (II:2), his affected niece (III:4) and one of the healthy individuals (III:1) in the family. The basal epithelial cells of patients were characterized by irregular hyperreflective dots, compared with that of healthy individuals (Fig. 3A-C) . In the lamina elastic anterior (Bowman's membrane), numerous nerve fibers were clearly detected in the healthy individual, whereas, focal depositions of reflective materials and decreased nerve fibers were identified in the patients (Fig. 3D-F) . In the superficial one-third of the stroma, the number of cell nuclei was largely reduced, and collagenous fibers were thinner and fewer in the patients than in the healthy individuals ( Fig. 3G-I ). In the deeper one-third of the stroma, there were coarser nerve fibers across the layer detected in the patients compared with those in the healthy individuals (Fig. 3J-L) . The two patients and the healthy individual exhibited a normal posterior elastic lamina (Descemet's membrane) and endothelium cells, except that the endothelial cells in the patients were visualized faintly, although they appeared to be normal (data not shown).
Discussion
LCDI is an autosomal, dominantly inherited corneal amyloidosis associated with severe visual defects, and mutations in the TGFBI gene are the main causes of LCDI (7). In the present study, a heterozygous mutation, c.370C>T (p.R124C) was detected in TGFBI and the phenotypic characteristics in a Chinese family affected with LCDI were described. TGFBI mutations have been reported to be closely involved with at least five types of inherited corneal dystrophy. Among those mutations reported, R124 in TGFBI appeared to be a 'hot-spot' point mutation detected in different types of corneal dystrophy in various ethnic groups worldwide (7). R124 in exon 4 of TGFBI is conserved among numerous different species (Fig. 1C) , indicating that this residue is an important functional and structural site of the protein. Furthermore, it is important to investigate the mutation underlying this disease and to characterize the clinical features and phenotype-genotype correlations within this family.
In the present study, five affected individuals among the 16 family members were diagnosed with LCDI, although there is already a study of phenotypic variability with the R124C mutation in LCDI pedigrees (17) . LCD is generally divided into three subtypes and is classified predominantly by clinical and pathological findings. The underlying mechanism of the phenotypic variability for corneal dystrophy with the same mutation and even within the same family requires further investigation. Therefore, it is necessary to identify the specific mutation in patients to assess a final diagnosis due to genetic heterogeneity. In the current family, the affected members with the R124C mutation exhibited similar clinical features of LCDI. They all had prominent delicate linear opacities that tended to predominantly be in the superficial corneal stroma accompanied with epithelial erosions, although patient III:5 exhibited mild symptoms. Molecular genetic analysis, which is important in establishing the classification of corneal dystrophy, may reveal reliable clinical diagnostic criteria and may improve the accuracy of the clinical diagnosis. The patient, III:5, who carried the same R124C mutation as the other four patients, was thus diagnosed as LCDI although she did not exhibit typical clinical features of LCDI. It is also possible that she was younger and may develop corneal dystrophy in the future, indicating that genetic analysis may be used during prenatal and postnatal DNA diagnosis for clinical work.
In order to confirm the clinical features of patient III:4, she was recruited for examination by in vivo confocal microscopy. The images indicated that multiple corneal layers, including the basal epithelial cells, stroma cells and Bowman's membrane, were affected in the two patients (the proband, II:2 and III:4) of this family (Fig. 3) . The proband seemed to exhibit stronger irregular hyperreflective materials compared with patient III:4 in the basal epithelial cells and Bowman's membrane (Fig. 3A-C) . It is likely that patient III:4 was markedly younger than the proband. Patient III:4 was found to have milder symptom than the proband, indicating that the worse the visual acuity is, the more likely that the morphology of corneal layers was affected. During confocal microscopy and slit-lamp examination of the affected members, their corneal epithelia were particularly fragile and corneal epithelial erosions were identified. They also developed photophobia and lacrimation by microscopic examination. Observations of the abnormal morphology of Bowman's membrane in the patients (Fig. 3D-F) identified that the density of nerve fibers was significantly decreased and even disappeared; it is likely that the damaged Bowman's membrane cannot provide normal nutrition for corneal nerve growth, thus leading to corneal deposits. If this corneal dystrophy was due to lack of nutrition, the disease maybe treated with neurotrophic factors. The TGFBI protein is presumably involved in cell adhesion and migration of various cell types, including epithelial cells, fibroblasts, endothelial cells, and vascular smooth muscle cells (20) . Therefore, patients with the TGFBI R124C mutation may exhibit relaxation of the connection between the corneal epithelial cells and the entire epithelial layer, leading to the abnormity of Bowman stromal corneal dystrophy in this family. Furthermore, nerve fibers may not grow into the Bowman's layer and the corneal epithelial cells lack nerve nutrition, resulting in exfoliation of the corneal epithelium (Fig. 2) .
In conclusion, a mutation in the TGFBI gene was identified in a Chinese family with LCDI. The current results characterized the clinical features of LCDI and revealed a clear genotype-associated phenotype in this family, which may contribute to further understanding the role of this TGFBI mutation in the development of LCDI. However, the composition of the affected corneal layer in patients remains unknown and thus its specific underlying mechanism requires further investigation. Future functional work is required to confirm the role of TGFBI and the underlying mechanisms in the disease.
